There is an urgent need to improve the use of antibiotics across clinical settings, especially in outpatient pediatrics where antibiotics are the most common prescription, with the majority written for acute respiratory tract infections (ARTIs).
Article
There is an urgent need to improve the use of antibiotics across clinical settings, especially in outpatient pediatrics where antibiotics are the most common prescription, with the majority written for acute respiratory tract infections (ARTIs). 1 Though overall antibiotic prescribing per child has fallen 25% in the past 20 years, the decreasing trend has stalled, and overuse of broad-spectrum antibiotics remains a significant issue. 2 Antibiotic stewardship, or interventions intended to reduce unnecessary and inappropriate antibiotic prescribing, are increasingly being implemented given growing recognition of antibiotic resistance as an emerging public health threat. 3 Identifying and successfully implementing novel interventions that effectively address the challenges unique to the outpatient setting are needed. 3 However, implementing interventions to spur change in health care delivery has proven to be a significant challenge. Numerous contextual factors, such as provider attitudes and the system environment, determine the success of any given intervention in a local setting. 4 Previous work has suggested that one important factor is readiness to change. 5 Readiness to change (ie, both the motivation and efficacy of an organization and its members to make an agreed-upon specific change) integrates both individual (eg, attitudes, beliefs, skills) and organizational (eg, shared commitment, information technology infrastructure) factors. 6 Preliminary work suggests provider readiness to change may predict actual change, 7 but further elaboration of the factors that shape this relationship is needed. A better understanding of readiness to change can help organizations appropriately tailor policies and resources to more effectively align with their employees' values and create a more effective implementation environment for sustainable success.
This mixed-methods study of a hospital-affiliated network of pediatric primary care practices was conducted in 2015 while the network implemented an antibiotic stewardship intervention to reduce broad-spectrum antibiotic prescribing. The aim of the study was to examine the relationship between the readiness to change of each practice and the success of the intervention, as well as any potentially modifiable factors and external supports affecting readiness to change.
Methods

Setting and Participants
This study was conducted in the Children's Hospital of Philadelphia (CHOP) primary care network, which implemented an outpatient antibiotic stewardship quality improvement initiative across all of its 30 practices in 2015. This initiative builds on CHOP's previous efforts to decrease broad-spectrum antibiotic use in a small subset of CHOP practices, demonstrating a 20% decrease in broad-spectrum antibiotic prescribing. 8 Although this early initiative was successful in its goal, antibiotic prescribing rates reverted to previous levels once the intervention stopped. 9 CHOP's primary care network contains 30 pediatric primary care sites (2-30 clinicians per practice) with a total of 209 clinicians (physicians and nurse practitioners). Clinicians in the network have been practicing on average 18 years (SD 10, range 0-50) in total, and on average 12 years (SD 8, range 0-40) at their current site. Two clinician groups each serve 3 distinct geographic locations, resulting in 26 distinct clinician practice groups. These include 3 primary academic and 27 community-based practices. These practices serve children of diverse racial and socioeconomic backgrounds in urban, suburban, and rural settings across southeastern Pennsylvania and New Jersey. The network has a mean practice volume of 26 595 visits per year, and 31% of children in the network receive coverage through Medicaid.
Intervention
The network undertook an outpatient antimicrobial stewardship program to promote prescribing of narrow-spectrum antibiotics for common pediatric ARTIs (acute otitis media, acute sinusitis, group A streptococcal pharyngitis, community-acquired pneumonia). In October and November 2014, 3 regional medical directors (RMDs), each covering 10 practices, visited each practice to introduce the initiative, provide updates regarding current prescribing guidelines for common ARTIs, and present practice-specific baseline antibiotic prescribing data regarding these guidelines. In December 2014, clinicians gained access to a real-time web-based audit and feedback dashboard, which consolidated antibiotic prescribing rates based on electronic health record data at the practice, provider, and patient levels. The first few months of the intervention were characterized by iterative feedback from clinicians to their appointed RMD about the accuracy of the reports and criteria, resulting in modifications to the inclusion and exclusion criteria. Monthly feedback reports were subsequently emailed to each clinician with a link to the electronic dashboard. Each site designated a practice lead and was provided patient education handouts and posters in January 2015. Finally, an electronic health record decision-support tool and alert were implemented in April 2015.
Study Design
A mixed-methods study of the practices was conducted during implementation of the intervention. First, a survey was administered to assess a practice's readiness to change for the intervention. Second, semistructured interviews were conducted with clinicians at practices that were purposively sampled to vary on readiness to change and antibiotic prescribing rates. The CHOP Institutional Review Board exempted the study.
Survey
The survey instrument was administered electronically to all clinicians using research electronic data capture (REDCap) 10 from February to March 2015. The survey was voluntary but contributed to receipt of Maintenance of Certification credits for participation in the quality improvement project. A link to the survey was distributed by email from a researcher and CHOP clinician (SE) and the respective RMD. An introductory paragraph informed respondents that individual responses would be kept confidential and aggregated by site. A reminder email was sent after 2 weeks, and practice managers also were enlisted to help recruit their clinicians at sites with <50% response rate. The overall response rate was 65% (136/209 clinicians).
The survey was adapted to specify and clarify references to the CHOP initiative from the Organizational Readiness to Change Assessment (ORCA) (see Supplemental Figure S1 , available with the article online), a validated survey instrument assessing readiness to change for an intervention in terms of 3 scales (evidence, context, and facilitation) and a total of 19 subscales. 11 Each item is measured on a 5-point Likert-type scale. The instrument was piloted with 2 CHOP clinicians, and further refined for clarity.
For the present study, the survey responses were scored as follows: on the Likert-type scale possible scores could range from 0 (don't know) and 1 (strongly disagree) to 5 (strongly agree). The 74 individual questions from the 19 subscales were summed for a total possible score of 370 for each clinician. Then an average score was calculated for each practice. The practices were ranked by average total score and then split at the median into "high" or "low" readiness to change practices.
Interviews
Six practices within each high and low readiness to change category were identified for the interviews. Within each category the research team selected a wide representation of 2014 preintervention rates of appropriate antibiotic prescribing for the 4 ARTIs, as this was the primary outcome measure followed by the intervention. The team introduced this variation into the sample in order to investigate whether social and organizational features of these practices might contribute to the observed associations.
From May to August 2015, interview respondents at the 12 selected practices were recruited by emailing practice managers as well as each individual clinician asking if they would be interested in participating, and interviews were conducted until thematic saturation was reached at each practice (n = 31). Thematic saturation was assessed on an ongoing basis throughout the study in a collaborative manner by the research team. Participants were offered a $20 gift card. All interviews were conducted in person at each participating practice by a trained research assistant. All interviews were recorded, with permission.
A semistructured interview guide (see Supplemental Figure S2 , available with the article online) was created that covered each portion of the Consolidated Framework for Implementation Research (CFIR) 4 (intervention characteristics, individual characteristics, inner setting, outer setting, and implementation process). Sections specifically reviewed participants' individual perceptions and reactions to the initiative activities; their group climate and activities around the initiative; and barriers and facilitators to antibiotic stewardship. Then, their most recent individual monthly feedback report was shown and their reactions discussed. Each respondent was asked the same set of questions from the interview guide, with the interviewer probing and redirecting the conversation to elicit more in-depth data or to clarify points as necessary.
Data Analysis
All interview recordings were transcribed and uploaded to NVivo 10.0 qualitative data analysis software (QSR International Pty Ltd, Melbourne, Australia) for management and analysis. The author (SE) and research assistants coded all interview transcripts using a qualitative content analysis approach. 12 First, they read through all transcripts in a process of open coding, recording the most salient themes in the interviews, with CFIR categories as a guide, to be further refined and used during the second stage of axial coding, where they began to generate descriptions of higher order patterns seen emerging in the data. After the preliminary code list was developed, they reviewed all interview transcripts line by line to determine which codes fit the concepts suggested by the data.
Results
Quantitative Results
Practice Characteristics. The mean ORCA survey score across the 26 practice groups was 284.6 (SD 24.9; range 241-347). The bottom 13 practice groups by median split, or low readiness to change practices, had a mean score of 264.8 (SD 14.4; range 241-284). The top 13 practice groups, or high readiness to change practices, had a mean score of 304.4 (SD 15.5; range 288-347). The 12 practices sampled for interviews represented a variety of geographies, sizes in terms of number of patients and clinicians (Table 1) , and ranges of ARTI diagnosis rates ( Table 2) . All practices sampled for interviews improved in their rates of appropriate antibiotic prescribing over the intervention period for all 4 conditions, with all except one above goal targets in 2015. The high readiness practices are noted to have a trend toward larger improvements between years (Table 3) .
Qualitative Results
A total of 31 individuals were interviewed, including 26 physicians and 5 nurse practitioners, and were sampled from 6 high readiness and 6 low readiness practices. Illustrative quotes are displayed by strata in Table 4 . In general, all providers described relatively positive attitudes toward antibiotic stewardship, the intervention, and strong central support infrastructure. The most notable distinguishing characteristics between the high and low readiness to change practices were with regard to the nature and quality of group dynamics including communication, process for change (ie, learning climate), and cohesion.
Group Communication With Regard to Feedback. High readiness to change practice clinicians often were in regular contact with each other either because of the proximity of their desks, shared lunch hours, the small size of their practice, and/or interactions outside of work. Such shared experiences led to an increased closeness among each other and openness to feedback about their clinical practice (Quotations 1 and 2, Table 4 ).
Meanwhile low readiness to change practices described more limited general communication among their clinicians and also more independent practice styles (Quotations 3 and 4, Table 4 ). This seemed to lend itself to less candidness and willingness to discuss individual behaviors (Quotation 5, Table 4 ).
Group Process for Change: Proactive Versus Passive Effort to
Improve. The high readiness to change practices often took a hands-on, proactive approach as a group when it came to dealing with potential problems. One person's problem was seen as the entire group's problem, and in an environment with an apparent positive learning climate, there was a constant internal drive to be better, and a feeling that they could succeed collectively. They generally embraced the initiative regardless of whether or not they had significant room for improvement. One clinician described his/her leadership redirecting the group to fall in line with group norms (Quotation 6, Table 4 ). They also actively made efforts to use the tools provided to improve their practice, often even looking for additional, larger ways to improve (Quotation 7, Table 4 ). Furthermore, these practices described coming together for multiple efforts independent of those initiated by the main hospital; for example, making their own handouts or having a practice blog. Group cohesionpreexisting versus developing (10) "I try to explain to parents. Well, this is what I'm concerned about and this is the best medicine for this. And even if they say, well, we tried this 5 years ago, and it didn't work. I'll say . . . that if you asked everyone else here, that would be something else that they would say [and] we've been able to maybe convince some parents to use amoxicillin for things that maybe we would have had a challenge with before." (Participant 27) (11) "I mean if that's always what they've gotten in the past, and you're someone they've never met, they can give you a real tough fight. . . . And that I think is the biggest barrier, is kind of convincing the families to do a more narrow spectrum. . . . But I think as we're all changing, that's made it easier and easier since hopefully we're not going to set up those precedents with new patients." (Participant 1) (12) "I think because we all come from different places. . . . I think sometimes . . . you develop a habit to prescribe something without even thinking about it. And it's helpful just to kind of regroup and be on the same page when we are prescribing antibiotics, so that families don't feel that one physician prescribes this if I ask them, while the other doesn't. That way we're all on the same page, and we're all doing the same thing and it's helpful." (Participant 14)
The low readiness to change practices, on the other hand, described more passive engagement with the stewardship initiative, relying on the intervention mechanics to move their individual behaviors forward in a positive direction (Quotation 8, Table 4 ). They also attributed their motivation to the more external stimulus of peer pressure and accountability as the primary driver for any individual behavior change, although it was acknowledged that this had different levels of influence on different people (Quotation 9, Table 4 ). Perhaps as a result, they were noted to generally have mixed levels of engagement within their practice.
Group Cohesion: Preexisting Versus Developing. Many clinicians described the initiative as helping to not only draw attention to antibiotic prescribing behaviors but also cultivating everyone to be "on the same page." Those from high readiness to change practices seemed to draw on a preexisting level of shared practice behavior as a source of strength as they addressed some of the challenges to antibiotic stewardship-patient/family pressures (Quotation 10, Table 4 ).
Meanwhile several from the low readiness to change and low prescribing practices described the behaviors of other providers as potentially causing challenges when different members of their practice prescribed different antibiotics for the same condition. However, they found it especially helpful that through the initiative individual prescribing habits were starting to align (Quotation 11 and 12, Table 4 ).
Discussion
This study examined how practice-level readiness to change manifested itself in the implementation of an antibiotic stewardship intervention and primarily found notable differences in the role that the group versus external context took on in influencing individual depth of engagement as well as motivation for behavior change. High readiness to change practices had strong and open intragroup communication, a positive learning climate characterized by a proactive and internally motivated group approach to change, and a cohesive group dynamic that reinforced their efforts. On the other hand, low readiness to change practices saw providers functioning more independently and, therefore, change efforts relied more on external influences and forces, but ultimately there were mixed and weaker levels of engagement. Though within a year all practices were able to meet the goal targets of narrow-spectrum antibiotic prescribing rates for ARTIs, the high readiness to change practices are noted to have trended toward more substantial improvements.
Organizational readiness is composed of 3 components: the organization's motivation to adopt an innovation, innovation-specific capacities, and general organizational capacities. 13 It is important to note that there was overall affirming motivation for antibiotic stewardship in general, perhaps because of recent national efforts (the Centers for Disease Control and Prevention, and President Obama), and for the intervention, as it was fairly minimally intrusive. Furthermore, the innovation capacity was rather strong as the main hospital and central leadership committed resources and their efforts across the network to the success of the initiative. And so, it is not surprising that this study primarily found variation in terms of organizational capacities, or a practice's ability to implement any innovation. Supporting previous work, 7 the present study's quantitative prescribing data suggest that high readiness to change practices tend to have greater improvements, as indicated by their degree of increase in narrow-spectrum antibiotic prescribing rates.
This study also revealed how group dynamics shape organizational capacities, 14 and clarifies their influence in readiness to change. Much of the previous literature often emphasizes the importance of either the individual or group as the ultimate point of focus in implementing change. 15 The present study shows that both are important, and their degree of importance is dependent on their context. At the least, this study supports the benefits of tailoring implementation strategies to address the unique needs of implementation efforts. 16 In places where the group environment was not as strong, then the individual behavior is the primary point of change and external forces such as peer pressure have a strong influence. Meanwhile, in places where the group environment was strong, the group was the primary locus of change and they took on change efforts with ease when they saw room for improvement, often in ways that reinforced each other.
Interestingly low readiness practices also seemed to benefit from a level of group cohesion that was created through the intervention. Previous work has proposed that building organizational communication and relationships between colleagues can positively influence implementation. 17 Open communication, or more specifically communication characterized by psychological safety (ie, a shared belief held by members of a team that the team is safe for interpersonal risk taking), has been shown to facilitate team learning and performance. 18, 19 Organizations characterized as learning organizations where employees eagerly engage in experimentation and risk taking without fear of failure have been shown to have enhanced implementation effectiveness. 20 Such behavior was present in this study's high readiness to change practices but lacking in the low readiness to change practices. Though the low readiness practices were more influenced by external forces in the short term, their mixed levels of engagement raise concerns about the potential for future sustainability, especially given previous work with antibiotic stewardship in this network. 9, 21 It appears that they could benefit from support in developing their learning climate for both the intervention at hand as well as future endeavors. With the growing body of evidence supporting team dynamics for successful implementation as well as improvement efforts, potential tools include TeamSTEPPS as well as leadership coaching to foster inclusiveness, psychological safety, and engagement. 22, 23 Future work is needed to see the impact of targeting such efforts on low readiness to change practices as well as on sustainability.
This study has several limitations. First, this intervention was characterized by a strong central infrastructure pushing the intervention forward at each site, which may not be generalizable in other implementation efforts. However, the practices represented a spectrum of characteristics (eg, location, size), thus enhancing generalizability. Second, the survey (administered 2 months into the start of the intervention) and interviews (conducted 5-8 months into the intervention) were retrospective, capturing individuals after they had perhaps already adjusted to the intervention.
Conclusions
This mixed-methods study looked at the relationship between practice readiness to change for an antibiotic stewardship intervention and modifiable factors affecting its success. In this study, the level of readiness-to-change did trend toward the level of improvement, and group dynamics strongly influence readiness to change. Depending on the strength of the group atmosphere, individual behavior and change were differentially influenced by their group and external pressures. Though at times it may be easier to exert external incentives and guidelines across a system, concerns about sustainability have been raised, as the behavior change may not be as effectively internalized in weak group settings. This study suggests that it may be worth investing the time and resources into strengthening the learning climate and group dynamics in such settings for the intervention itself, as well as any future initiatives. Similarly, strong group settings may not need to focus as much on external pressures. Prospectively diagnosing readiness to change and the strength of group dynamics can help appropriately tailor supportive elements for an intervention.
